programming will generally influence perception in all saccades. In our second experiment, we had the submodalities. They suggest that motor circuits govern the jects cross their hands and demonstrated that the attentional system. According to this model, in order to effect occurs in visual space (rather than the early covertly attend to a region (pay attention to an area we representations of touch). In our third experiment, the are not fixating), the brain simply programs an eye or tactile events usually occurred on the opposite side arm movement to that location. One strong prediction of upcoming eye movement. We found that the benefit of this model is that preparing an eye movement will shift at the saccade target location vanished, suggesting attention prior to the onset of the saccade. Therefore, that this shift is not obligatory but that it may be vetoed looking for presaccadic shifts in tactile performance is on the basis of expectation.
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an effective test of the premotor model. In addition, examining how eye movements influence tactile perception Results and Discussion is of particular importance because it allows us to investigate how touch is remapped with changes in posture. Eye movements have a strong effect on visual percepFor example, if an eye movement is programmed toward tion because they shift the sensitive and cortically overthe left, is touch facilitated on the left hand or on the represented fovea to different regions of space. Interestleft side of space? One way to test this is to have the ingly, there is clear evidence that upcoming saccades participants cross their hands, so a left eye movement influence visual performance -with visual stimuli at the will be toward the right hand. location of the saccade destination being processed
We investigated the effects of upcoming saccades on more rapidly and accurately than at other locations with tactile judgements. The participants made left or right a similar retinal eccentricity [1, 2, 6-8]. These behavioral eye movements in response to a symbolic central cue. findings in humans complement single-cell recording in They were also asked to make a speeded verbal rethe parietal cortex and superior colliculus of primates, sponse regarding whether they felt a tap to the proximal where neuronal firing in response to a visual stimulus or distal location of either hand (responding "down" or is enhanced immediately prior to a saccade to the stimu-"up," respectively). Note that the response to the tap lus' location [9-11]. It is clear that, in addition to their was orthogonal to the direction of the eye movement. role in visual perception, eye movements can influence Depending on the speed of the eye movement, the tap other modalities. For example, Rorden and Driver [3] came before, during, or slightly after the saccade. Of critical importance to this study are trials where the tap occurred immediately before an eye movement-when the left hemisphere in general and therefore improving an uncrossed-hands study in which stimuli were three times as likely to occur on the side opposite of the attention operate in the visual frame of reference. Despite these previous studies, it is possible that the effect saccade, so that the participant had a strong incentive to try to orient tactile attention in the opposite direction seen in tactile perception prior to an eye movement occurs at an earlier representation than the effects seen of the requested saccade. In this study, subjects were not faster to discriminate targets at the location of an in previous studies; therefore, we decided to test participants in an experiment identical to our first study except upcoming saccade (806 ms versus 800 ms, t(19) ϭ 0.51, p Ͻ 0.61, see Figure 5 ). Again, no effect was seen in that they crossed their hands. Once again, we found that subjects were much faster to discriminate targets error rates (2.5% versus 3.7%, t(19) ϭ 1.26, p Ͻ 0.225) or saccade latency across conditions (90.1 ms versus at the location of an upcoming saccade (889 ms versus 940 ms, t(22) ϭ 4.84, p Ͻ 0.001, see Figure 4) . Again, 92.6 ms after stimulus offset, t(19) ϭ 1.21, p Ͻ 0.240). In this study, we directly pitted the effect of the upcoming no effect was seen in error rates (2.4% versus 2.5%, t(22) ϭ 0.16, p Ͻ 0.877) or in saccade latency across saccade against any strategic control that participants could exert over their spatial attention. Therefore, we conditions (96.9 ms versus 94.1 ms after stimulus offset, t(22) ϭ 0.94, p Ͻ 0.359). These findings clearly demonconcede that we cannot rule out that the presaccadic shift did occur but that it was simply cancelled out by strate that the eye movements facilitate tactile events in the region of visual space near the upcoming saccade a strategic shift in attention. However, our result clearly shows that the effect of an upcoming saccade is not so rather than influencing a specific hand regardless of its position in space. One could argue that the crossedobligatory as to supersede any other shifts in attention. Inspection of the data across all three experiments hands design directly opposes any visually mapped facilitation against early-motor-representation facilitation. reveals a trend for faster vocal responses in the biasedattention experiment (803 ms) compared with the It is theoretically possible that both effects coexist, and therefore our finding could be taken as evidence that crossed-hands (914 ms) and standard (901 ms) studies. In order to test this possibility, we conducted a mixedthe visually mapped facilitation is simply the dominant factor. However, it is worth noting that the effect size design ANOVA with one between-subject factor (experiment type: unbiased, crossed hands, and biased) and found in the crossed hands experiment is of the same one within-subject factor (valid versus invalid eye movepredictive of the visual target. Therefore, one conservative summary of Doyle and Walker's study is that tactile ments). We found no main effect of experiment, df (2,60) ϭ 2.304, p Ͻ 0.1086, although we found a main events influence saccade trajectories whenever the tactile events are relevant to the task. In any case, their effect of eye-movement validity (df (2,60) ϭ 26.319, p Ͻ 0.0001) and an interaction effect df (2,60) ϭ 9.063, p Ͻ work highlights the strong influence tactile events can exert on saccades and complements our present evi-0.001. The between-subjects comparison has low power because of inter-subject variance, so this null result of dence for the influence of saccade generation on tactile perception. experiment type is difficult to interpret. One possible explanation for this potential effect might be that the A number of recent studies have demonstrated that noninformative vision can influence tactile sensitivity in strategic nature of the biased attention task leads the subjects to emphasize vocal responses in this task. Anhealthy adults [23, 24] as well as in neurological patients [25] . However, each of these studies controlled for eye other potential explanation is that attention may be better modeled as an inhibition of unattended items rather movements so as to remove any confound of saccades. These findings complement our own results, suggesting than as a facilitation of attended items, as has been recently suggested by other authors [18]. According to that eye movement programming is only one of the factors that modulate tactile perception. Our crossedthis view, normal processing (in neutral conditions, without top-down control) operates at near-optimal perforhands study suggests that tactile events are influenced by a visual frame of reference. Yamamoto and Kitazawa mance, so attention operates by hindering the processing of unattended information (so the attended [26] provide another technique for assessing this mapping. They asked participants to report the temporal information has a relative competitive advantage for selection). This model could explain the trend we observed order of brief tactile stimuli presented in rapid succession to each hand. They found that with moderately as follows: in experiments in which attentional shifts are abolished (e.g., the biased experiment, in which the short intervals (Ͻ300 ms) many participants reliably reported the wrong order for a majority of trials if their participant wishes to override the reflexive presaccadic shifts), overall processing is faster than it is in conditions hands were crossed. In these conditions, the subjects were accidentally reporting the spatial location of the where attention is allowed to operate normally (e.g., the standard and crossed hands experiments). In any case, stimuli rather than correctly reporting which hand had been stimulated. This work suggests that tactile judgethese questions do not jeopardize the primary finding of the biased attention study; it is clear that the presacments may be initially made based on visual space, rather than based on the early-motor-representations cadic shifts are not obligatory.
In summary, we found that subjects were faster to for touch. 
Recent research has demonstrated reciprocal cross-

